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1
SEPARATING AGENT FOR
CHROMATOGRAPHY

TECHNICAL FIELD

The present invention relates to a separating agent for
chromatography and relates to a separating agent for chroma-
tography that contains a crown ether-like cyclic structure and
optically active binaphthyl.

BACKGROUND ART

Various separating agents having various specific struc-
tures adapted to the compounds to be separated are known as
separating agents for chromatography. The following, for

example, are known for these specific structures: crown ether-
like cyclic structures, binaphthyl structures, phenyl ester
structures, and phenyl carbamate structures.

Within the sphere of separating agents for chromatography
that contain a crown ether-like cyclic structure and a binaph-
thyl structure, a separating agent for optical isomers is known
in which a binaphthyl derivative having a crown ether-like
cyclic structure bridging across the individual naphthyl rings
in the binaphthyl is adsorbed on a carrier (refer, for example,
to Patent Document 1). This separating agent for optical
isomers is suitable for the optical resolution of compounds
that have an amino group, e.g., amino acids.

In addition, as separating agents for chromatography in
which the aforementioned binaphthyl derivative is supported
by chemical bonding to a carrier, separating agents for chro-
matography in which the binaphthyl structure or the crown
ether-like structure of a binaphthyl derivative with formula (i)
or (ii) below is bonded by chemical bonding to the surface of
a carrier, for example, are known (refer, for example, to
Nonpatent Documents 1 and 2 and Patent Document 2). The
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separating agent for chromatography containing the binaph-
thyl derivative with formula (i) is known to have the optical
resolving power with respect to amino acids, while the sepa-
rating agent for chromatography containing the binaphthyl
derivative with formula (ii) is known to lack the optical
resolving power with respect to amino acids. Furthermore,
with regard to the separating agent for chromatography that
contains the binaphthyl derivative with formula (i), art is also
known in which the residual silanol groups in the silica gel
used as the carrier are protected by treatment using n-octyl-
triethoxysilane (for example, Nonpatent Document 2), and
the optical resolving power with respect to c-amino acids,
amines, and amino alcohols is known to be improved by this
treatment.
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Upoiee:

The binaphthyl derivative with formula (i) has promise as
aseparating agent effective for the optical resolution of amino
acids and, while it can be synthesized using commercially
available products as the starting materials, the synthesis
route is lengthy and there remains room for investigation from
a productivity perspective.

CITATION LIST

Patent Document

Patent Document 1 Japanese Examined Patent Publication
No. H3-57816

Patent Document 2 Korean Patent Application Publication
No. 20040080034

Non-Patent Document

Non-patent Document 1 J. Chromatogra. A, 910 (2001) 359
Non-patent Document 2 J. Chromatogra. A, 1138 (2007) 169
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SUMMARY OF INVENTION

Technical Problems

The present invention provides a separating agent for chro-
matography that contains a crown ether-like cyclic structure
and optically active binaphthyl, that is useful for the separa-
tion of specific compounds, e.g., for the optical resolution of
amino acids, and that provides a higher productivity.

Solution to Problem

The present inventors discovered that a separating agent for
chromatography containing a crown ether-like cyclic struc-
ture and optically active binaphthyl can be more easily
obtained by introducing a substitution group for binding to
carrier that will bond to the carrier into a binaphthyl deriva-
tive, then introducing a crown ether-like cyclic structure into
the binaphthyl derivative, and chemically bonding the result-
ing binaphthyl derivative to the carrier. The present invention
was achieved based on this discovery.

Thus, the present invention provides a separating agent for
chromatography, having a carrier and an optically active
binaphthyl compound bonded by chemical bonding to the
surface of the carrier, wherein the binaphthyl compound is
represented by the following formula (I).

@
Al-)W
S
@
A
S

In formula (I), R, and R, each represent hydrogen, a pos-
sibly substituted phenyl group, a possibly substituted naph-
thyl group, a possibly substituted C, g alkyl group in which
any noncontiguous methylene group may be oxygen, or a
trialkylsilyl group in which the number of carbons in each
alkyl groupis 1 or 2; A, and A, each represent a group that is
bonded to the surface of the carrier and that is substituted for
hydrogen on a binaphthyl ring; and 1 represents an integer
from 4 to 6, and m and n each represent an integer from O to
5 wherein m+n is from 1 to 10.

@
Ry

/QCHZ—CHZ—O
(0) 1

o)
NCH,—CH,

Ry

The present invention further provides the aforementioned
separating agent for chromatography wherein 1 is 4; the
aforementioned separating agent for chromatography
wherein R, and R, are the phenyl group; the aforementioned
separating agent for chromatography wherein A, and A, each
contain a structure represented by the following formula (II)
that is substituted for hydrogen in the binaphthyl with formula
(D; the aforementioned separating agent for chromatography
wherein one of m and n is 1 and the other is 0; and the
aforementioned separating agent for chromatography
wherein the surface of the carrier exhibits hydrophobicity.
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In formula (II), o represents an integer from 1 to 30.

The present invention further provides a method of produc-
ing a separating agent for chromatography, including: a step
B of introducing a substitution group for binding to a carrier
into a binaphthyl ring of a binaphthyl derivative A represented
by the following formula (III), to obtain a binaphthyl deriva-
tive B; a step C of hydrolyzing methoxy groups at positions 2
and 2' of the binaphthyl derivative B to obtain a binaphthyl
derivative C in which the methoxy groups have been con-
verted into hydroxyl groups; a step D of crosslinking both of
the hydroxyl groups in the binaphthyl derivative C with a
polyethylene glycol derivative to obtain a binaphthyl deriva-
tive D having a crown ether-like cyclic structure; and a step E
of bonding the binaphthyl derivative D to the surface of the
carrier through the substitution group for binding to carrier on
the binaphthyl derivative D by chemical bonding.

(I
Ry

OCH;

OCH;

Ro

In formula (IIT), R, and R, are the same as the R, and R, in
formula (1), respectively.

The present invention also provides the aforementioned
production method further including a step A of substituting
bromo groups in 3,3'-dibromo-2,2'-dimethoxy-1,1'-binaph-
thyl with R, and R,, respectively, to obtain the binaphthyl
derivative A.

The present invention also provides the aforementioned
production method wherein the binaphthyl derivative B is
obtained in step B by reacting the binaphthyl derivative A
with C, ;5 aliphatic dicarboxylic acid monomethyl ester
monochloride in the presence of iron chloride.

The present invention also provides the aforementioned
production method wherein the binaphthyl derivative D is
obtained in step D by crosslinking the hydroxyl groups in the
binaphthyl derivative C by the reaction, under alkaline con-
ditions, of polyoxyethylene glycol ditosylate having from 5 to
7 repetitions of an oxyethylene group.

The present invention also provides the aforementioned
production method wherein in step E, a surface-treated silica
gel is used for the carrier and chemical bonding is effected
between the substitution group for binding to the carrier in the
binaphthyl derivative D and a functional group provided by
the surface treatment of the silica gel.

The present invention also provides the aforementioned
production method further including a step F of hydrophob-
ing hydrophilic groups on the surface of the carrier.

Advantageous Effects of Invention

Because the binaphthyl derivative in the separating agent
for chromatography of the present invention has a structure
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that enables the introduction first of a substitution group for
binding to a carrier and then a crown ether-like cyclic struc-
ture in this sequence into a binaphthyl derivative having
methoxy groups at positions 2 and 2' of the binaphthyl ring, a
separating agent for chromatography can be provided that
contains a crown ether-like cyclic structure and optically
active binaphthyl, that is useful, for example, for the optical
resolution of amino acids, and that provides a higher produc-
tivity.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram that shows a chromatogram for the
optical resolution of alanine using the column 4 of the present
invention;

FIG. 2 is a diagram that shows a chromatogram for the
optical resolution of methionine using the column 4 of the
present invention;

FIG. 3 is a diagram that shows a chromatogram for the
optical resolution of glutamic acid using the column 4 of the
present invention; and

FIG. 4 is a diagram that shows a chromatogram for the
optical resolution of phenylglycine using the column 4 of the
present invention.

DESCRIPTION OF EMBODIMENTS

The separating agent for chromatography of the present
invention comprises a carrier and an optically active binaph-
thyl compound that is bonded by chemical bonding to the
surface of the carrier. This binaphthyl compound is given by
formula (I) below. This binaphthyl compound is the S-isomer
or R-isomer, but may also be a mixture of the S- and R-iso-
mers within a range in which the optical resolving power is
exhibited. This binaphthyl compound is ordinarily a single
species, but also encompasses two or more species having
different values for m and/or n.

o
Al-)W
s
e
AZW
s

R, and R, in formula (I) each represent hydrogen, a possi-
bly substituted phenyl group, a possibly substituted naphthyl
group, a possibly substituted C, ¢ alkyl group in which any
noncontiguous methylene group may be oxygen, or atrialkyl-
silyl group in which the number of carbons in each alkyl
group is 1 or 2. The substituent that may be present on the
phenyl group and so forthin R, and R, is a group that does not
interact with the oxygen atoms in the crown ether-like cyclic
structure, and such a substituent can be exemplified by the
methyl group and chloro group. Viewed from the perspective
of improving the separation performance, R; and R, are pref-
erably both a phenyl group.

A, and A, in formula (I) each represent a group that is
bonded to the surface of the carrier and that is substituted for
hydrogen on the binaphthyl ring. The size of A; and A, is not
particularly limited; however, viewed from the standpoints of
the ease of synthesis and improving the separation perfor-

@
Ry

/QCHZ—CHZ—O
(0) 1

o)
e, —cH,

Ro
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mance, the molecular weight of each is preferably from 100 to
600. A, and A, can be constructed from a variety of groups,
for example, C, ;, alkylene groups, Cg_;, arylene groups, an
ether group, a carbonyl group, an imino group, an amide
group, and so forth.

Viewed from the standpoint of ease of synthesis of the
above-described binaphthyl compound, A, and A, preferably
each contain the structure represented by the following for-
mula (II) substituted for hydrogen in the binaphthyl with
formula (I).

1
O O
I I

—C—CH 77— C—

In formula (II), o represents an integer from 1 to 30. Con-
sidered from the standpoints of ease of synthesis and boosting
the separation performance, o is preferably from 4 to 10.

In formula (I), 1 represents an integer from 4 to 6. This 1 is
more preferably 4 from the standpoint of inclusion of the
ammonium ion.

In formula (I), m and n each represent an integer from 0 to
5. However, m+n is from 1 to 10. m and n are preferably both
at least 1 from the standpoint of the ease of synthesis of the
binaphthyl compound while, more preferably, one of m andn
is 1 and the other is 0. When m or n is 0, this means that there
is no bond with the carrier.

A carrier that can immobilize the binaphthyl compound by
chemical bonding can be used for the carrier under consider-
ation. This carrier may be an inorganic carrier or an organic
carrier. The inorganic carriers can be exemplified by silica,
alumina, magnesia, glass, kaolin, titanium oxide, a silicic acid
salt, and hydroxyapatite. The organic carriers can be exem-
plified by polystyrene, polyacrylamide, and polyacrylate.

The carrier can be used in a form adapted to the particular
type of chromatography. The carrier form can be exemplified
by particulate and by a porous cylinder housed in a liquid-
tight manner in a columnar tube.

Viewed from the standpoint of boosting the separation
performance, the carrier is preferably porous and more pref-
erably has a BET specific surface area of from 100 to 600
m?/g. With regard to the pore diameter of a porous carrier, the
pore diameter, as measured by mercury porosimetry, is pref-
erably from 60 to 300 angstroms viewed from the standpoint
of' boosting the separation performance.

For example, silica gel is a particularly preferred carrier
considering the properties referenced above.

Viewed from the standpoint of the ease of synthesis of the
binaphthyl compound, the carrier is preferably subjected to a
surface treatment with a surface treatment agent in order to
form on the carrier surface a functional group that will con-
stitute a portion of the A, and/or A, in formula (I). This
surface treatment agent can be selected as appropriate in
conformity with the type of carrier.

When, for example, the carrier is a silica gel, a silane
coupling agent can be used for the surface treatment agent.
This silane coupling agent can be exemplified by 3-amino-
propyltriethoxysilane and 3-(2-aminoethylaminopropyl)tri-
methoxysilane.

Viewed from the standpoint of boosting the separation
performance, the surface of the carrier preferably exhibits
hydrophobicity. Such a carrier can be exemplified by a carrier
whose surface has been treated with a hydrophobic group.

The separating agent for chromatography of the present
invention is used processed as appropriate in conformity with
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the type of chromatography. For example, in the case of use
for column chromatography, the separating agent for chro-
matography of the present invention is packed or housed in a
columnar tube. In the case of use for thin-layer chromatog-
raphy, the separating agent for chromatography of the present
invention, when used as, for example, a particulate separating
agent, is used formed into a thin layer on the surface of a
substrate, e.g., a glass plate or a plastic plate. This processing
can be carried out by ordinary methods.

Regardless of the optical properties of the binaphthyl com-
pound, the separating agent for chromatography of the
present invention can be used for the separation of specific
compounds other than optical isomers, but which interact
with the structure of the binaphthyl compound. When used for
such a separation of compounds other than optical isomers,
the binaphthyl compound may even be a mixture of the S-and
R-isomers to the extent that the optical resolving power is not
exhibited (for example, it may be the racemic body).

The separating agent for chromatography of the present
invention can be produced by amethod comprising a step B of
introducing a substitution group for binding to a carrier into
the binaphthyl ring of a binaphthyl derivative A represented
by formula (IIT) below, to obtain a binaphthyl derivative B; a
step C of hydrolyzing the methoxy groups at positions 2 and
2' of the binaphthyl derivative B to obtain a binaphthyl deriva-
tive C in which these methoxy groups have been converted
into hydroxyl groups; a step D of crosslinking both of the
hydroxyl groups in the binaphthyl derivative C with a poly-
ethylene glycol derivative to obtain a binaphthyl derivative D
having a crown ether-like cyclic structure; and a step E of
bonding the binaphthyl derivative D to the surface of the
carrier through the substitution group for binding to carrier on
the binaphthyl derivative D by chemical bonding.

a1
Ry

OCH;

OCH;

Ry

R, and R, in formula (IIT) are the same as R, and R, in
formula (I). The binaphthyl derivative A can be acquired as a
commercially available product. Such a commercially avail-
able product can be exemplified by 2,2'-dimethoxy-1,1'-bi-
naphthyl and 3,3'-dibromo-2,2'-dimethoxy-1, I'-binaphthyl
(both products of Tokyo Chemical Industry Co., [.td.). The
use of such commercially available products is preferred from
the standpoint of the ease of synthesis of the binaphthyl
compound.

The binaphthyl derivative A can also be acquired by syn-
thesis. For example, the binaphthyl derivative A can be
obtained by synthesis from 3,3'-dibromo-2,2'-dimethoxy-1,
1'-binaphthyl. Viewed in terms of generating variety for the
R, and R, in the binaphthyl compound, such a method of the
present invention preferably further comprises a step A of
substituting the bromo groups in 3,3'-dibromo-2,2'-
dimethoxy-1,1'-binaphthyl with R, and R,, respectively, to
obtain the binaphthyl derivative A.

The substitution group for binding to carrier referenced in
step B may be a group that bonds with a functional group on
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the carrier surface or may be a group that directly bonds to the
surface of the carrier. The substitution group for binding to
carrier may be a single species or two or more species. At least
one substitution group for binding to carrier may be present or
two or more may be present. When there are two or more
substitution groups for binding to carrier, the substitution
groups for binding to the carrier may be bonded to only one of
the two naphthyl rings in the binaphthyl or may be bonded to
both. Viewed from the perspective of the ease of bonding
between the binaphthyl derivative D and the carrier, the sub-
stitution group for binding to the carrier is preferably a group
that bonds to a functional group provided by surface treat-
ment of the carrier.

An example of a preferred step B is a step in which the
binaphthyl derivative B is obtained by reacting the binaphthyl
derivative A with a C,_5; aliphatic dicarboxylic acid monom-
ethyl ester monochloride in the presence of iron chloride.

Given that the 2 and 2' positions of the binaphthyl also have
a high reactivity in the binaphthyl derivative B, step C can be
carried out by reaction under moderate temperature condi-
tions. These reaction conditions can be exemplified by a
boron tribromide-mediated dealkylation reaction at room
temperature or in an ice bath. The execution of step C under
such conditions is preferred because this restrains the effects
on the other structures in the binaphthyl derivative B and
provides the binaphthyl derivative C in better yields.

The step D can be carried out using conditions that induce
crosslinking by polyoxyethylene across the hydroxyl groups
at the 2 and 2' positions of the binaphthyl derivative C. This
crosslinking can be carried out utilizing hydrolysis: for
example, it can be carried out by a reaction, under alkaline
conditions, of polyoxyethylene glycol ditosylate having from
5 to 7 repetitions of the oxyethylene group.

The step E can be carried out as appropriate using a class of
known art in conformity to the type of the substitution group
for binding to carrier and the type of carrier. For example,
when a surface-treated silica gel is used for the carrier, step E
can be carried out by bringing about chemical bonding
between the substitution group for binding to carrier in the
binaphthyl derivative D and a functional group that has
resulted from the surface treatment of the silica gel. This
chemical bonding can be effected by carrying out a reaction
using a coupling agent such as, for example, 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride (WSC),
O-(7-azabenzotriazol-1-y1)-N,N,N',N'-tetramethyluronium
hexafluorophosphate (HATU), 1H-benzotriazol-1-ylox-
ytripyrrolidinophosphonium hexafluorophosphate (PyBop),
or 4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpho-
nium chloride.nH,O (DMT-MM).

The binaphthyl derivative obtained in each particular step
may be purified or the product may be used as such as the
starting material in the ensuing step.

The present invention may further comprise a step F of
hydrophobing the hydrophilic groups on the surface of the
carrier. The step F is preferably carried out after step E. The
step F can be carried out by the action, on the carrier or the
product of step E, of a surface treatment agent having a
hydrophobic organic group or a hydrophobing agent that
reacts with a hydrophilic group on the carrier surface to form
a hydrophobic group. The hydrophilic group on the carrier
surface can be exemplified by, for example, hydroxyl groups
and/or amino groups that are present on the surface of the
carrier, e.g., silica gel, and/or on the carrier surface after the
above-described surface treatment.

The surface treatment agent having a hydrophobic organic
group can be exemplified by hexamethyldisilazane, n-octa-
decyltriethoxysilane, and n-octadecyltrimethoxysilane. The
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hydrophobing agent referenced above can be selected as
appropriate in conformity to the type of hydrophilic group
and can be exemplified for the case of the amino group by
acetic anhydride, decanoic acid, and stearic acid. The hydro-
phobic group formed on the carrier surface by the step F is
preferably constructed with the same or similar structure and
on the same scale as the (A,),, and (A,), described above.

According to the method of the present invention, the reac-
tion in each individual step is a one-stage reaction and,
excluding the step F, the separating agent for chromatography
of the present invention can be obtained in a four-stage reac-
tion when the synthesis of the binaphthyl derivative A is not
included and in a five-stage reaction when the step A of
synthesizing the binaphthyl derivative A is included.

Examples

Synthesis of Chiral Crown Ether (1)

Operating under a nitrogen atmosphere, 0.946 g (S)-3,3'-
dibromo-2,2'-dimethoxy-1,1'-binaphthyl, 0.736 g phenylbo-
ronic acid, and 24.8 mg tetrakis(triphenylphosphine)palla-
dium (Pd(PPh,),) were dissolved in 20 mL toluene. To this
was added 7 mL of a saturated aqueous solution of potassium
carbonate and heating was carried out for 4 hours at 100° C.
This was followed by washing of the reaction solution with
saturated aqueous sodium chloride and extraction with ethyl
acetate. The obtained organic phase was dried over anhydrous
MgSO, and concentrated to obtain a crude product, which
was purified by silica gel column chromatography to obtain
the dimethyl ether (1-1) given by the following structural
formula.

a-1

OCH;

OCH;

537 mg methyl adipoyl chloride was dissolved in 6 mL.
dichloromethane and 411 mg iron(Ill) chloride was then
added and stirring was performed for 1 hour at room tempera-
ture. This solution was added dropwise to 466 mg of the
compound of formula (1-1) dissolved in 15 mlL dichlo-
romethane and stirring for 24 hours at room temperature was
then performed. This was followed by the addition of a satu-
rated aqueous sodium bicarbonate solution and ethyl acetate
and stirring at room temperature and then separation. The
obtained organic phase was washed with saturated aqueous
sodium chloride, dried over anhydrous MgSO,, and concen-
trated to obtain a crude product, which was purified by silica
gel column chromatography to obtain the acylated product
(1-2) given by the following structural formula.
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1-2)

H;CO.

OCH;

OCH;

599 mg of the compound of formula (1-2) was dissolved in
25 mL dichloromethane; 12 mL of a 1 M dichloromethane
solution of BBr; was added dropwise in an ice bath; and
stirring was performed for 1 hour at room temperature. After
this, 10 mL. methanol was added dropwise; the solution was
concentrated under a reduced pressure; extraction with ethyl
acetate was performed; the obtained organic phase was
washed with saturated aqueous sodium chloride, dried over
anhydrous MgSQO,, and concentrated to provide a crude prod-
uct; and the crude product was purified by silica gel column
chromatography to obtain the binaphthyl (1-3) given by the
following structural formula.

1-3)

H;CO.

OH

OH

53.2 mg potassium hydroxide was added to 100 mg of the
compound of formula (1-3) followed by the addition of 111
mg pentaethylene glycol ditosylate dissolved in 10 mL tet-
rahydrofuran and stirring for 4 hours at 80° C. After this, 2 mL
of a 10% aqueous sodium hydroxide solution and 10 mL
methanol were added at room temperature; stirring was per-
formed for 30 minutes at room temperature; neutralization
was then carried out with 2N hydrochloric acid; the solution
was concentrated under a reduced pressure and extracted with
ethyl acetate; the obtained organic phase was dried over anhy-
drous MgSO,, and concentrated and the obtained crude prod-
uct was purified by silica gel column chromatography to
obtain the chiral crown ether (1) represented by the following
structural formula.
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Synthesis of Solid Phase (1)

508 mg of the synthesized chiral crown ether of formula
(1), 156 mg 1-ethyl-3-(3-dimethylaminopropyl)carbodiim-
ide hydrochloride (WSC), 123 mg 1-hydroxy-1H-benzotria-
zole monohydrate (HOBt), and 3.31 g 3-aminopropyl silica
gel (average particle diameter=5 pum, average pore diam-
eter=120 angstroms, surface area=330 m?/g) were dissolved
in 66 mL, N,N'-dimethylformamide (DMF) and stirring was
performed for 24 hours at room temperature. Then, the solids
obtained by filtration were successively washed three times
with 20 mL each of DMF, dilute hydrochloric acid/methanol
solution, and methanol, and dried. 2.00 g of the obtained
solids and 61.3 mg 4-dimethylaminopyridine were dissolved
in 10 mL dichloromethane; to this was added 567 mg acetic
anhydride dissolved in 10 mL dichloromethane; and stirring
was carried out for 5 hours at room temperature. The solids
obtained by filtration were then successively washed two
times with 20 mL each of dichloromethane and methanol and
dried to obtain a solid phase (1) according to the present
invention. It was calculated from the results of elemental
analysis that approximately 0.083 mmol of the chiral crown
ether of formula (1) was bonded per 1 g of the solid phase.

Synthesis of Solid Phase (2)

1.29 g 3-aminopropyl silica gel (average particle diam-
eter=5 pm, average pore diameter=120 angstroms, surface
area=330 m*/g) was dissolved in 10 mL. DMF and 462 mg of
the synthesized chiral crown ether (1), 342 mg O-(7-azaben-
zotriazol-1-y1)-N,N,N',N'-tetramethyluronium hexafluoro-
phosphate (HATU), and 99.5 mg N-methylmorpholine dis-
solved in 15 mI DMF were added and stirring was performed
for 24 hours at room temperature. Then, the solids obtained
by filtration were successively washed three times with 25
ml each of DMF, dilute hydrochloric acid/methanol solution,
and methanol, then an additional three times with 25 mL
DMF (70° C., 1 hour), and then three times with 25 mL
methanol (50° C., 1 hour) and dried to obtain solid phase (2).
It was calculated from the results of elemental analysis that
approximately 0.30 mmol of the chiral crown ether of for-
mula (1) was bonded per 1 g of the solid phase.

Synthesis of Solid Phase (3)

602 mg of solid phase (2) was dissolved in 24 m[. dried
toluene; 1.0 mL 1,1,1,3,33-hexamethyldisilazane was
added; and stirring was carried out for 6 hours at 136° C. The
solids obtained by filtration were then successively washed
three times with 15 mL each of toluene, ethyl acetate, and
methanol and dried to obtain solid phase (3).

Synthesis of Solid Phase (4)

593 mg of solid phase (2) was dissolved in 5 m[. DMF; 55.1
mg acetic acid, 245 mg HATU, and 68.4 mg N-methylmor-
pholine dissolved in 5 mL. DMF were added; and stirring was
performed for 24 hours at room temperature. Then, the solids
obtained by filtration were successively washed three times
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12
with 15 mL each of DMF, dilute hydrochloric acid/methanol
solution, and methanol, then an additional three times with 15
ml DMF (70° C., 1 hour), and then three times with 15 mL
methanol (50° C., 1 hour) and dried to obtain solid phase (4).

Synthesis of Solid Phase (5)

552 mg of solid phase (2) was dissolved in 5 mL. DMF; 69.0
mg decanoic acid, 228 mg HATU, and 62.2 mg N-methyl-
morpholine dissolved in 5 m[. DMF were added; and stirring
was performed for 24 hours at room temperature. Then, the
solids obtained by filtration were successively washed three
times with 15 mL each of DMEF, dilute hydrochloric acid/
methanol solution, and methanol and dried to obtain solid
phase (5).

Synthesis of Solid Phase (6)

553 mg of'solid phase (2) was dissolved in 5 mI. DMF; 114
mg stearic acid, 228 mg HATU, and 69.2 mg N-methylmor-
pholine dissolved in 5 mL. DMF were added; and stirring was
performed for 24 hours at room temperature. Then, the solids
obtained by filtration were successively washed three times
with 15 mL each of DMF, dilute hydrochloric acid/methanol
solution, and methanol and dried to obtain solid phase (6).

Production of Columns (1) to (6)

Using a slurry packing method, columns (1) to (6) were
obtained by packing solid phases (1) to (6) in columnar tubes
having an inner diameter of 2.1 mm and a length of 15 cm.

Evaluations

The sample was dissolved in each of the moving phases
used in the measurements to provide a solution with a sample
concentration of approximately 1 mg/1 ml. and was analyzed
by HPLC under the conditions indicated below and the reten-
tion factor, separation factor, and separation degree were
determined. The results are given in Tables 1 to 6.
(Conditions)

A-1: aqueous perchloric acid solution (pH 1.5), 25° C.

A-2: aqueous perchloric acid solution (pH 1.5), 0° C.

B-1: aqueous perchloric acid solution (pH 1.5)/methanol=80/
20 (v/v), 25° C.

B-2: aqueous perchloric acid solution (pH 1.5)/methanol=70/
30 (v/v), 25° C.

B-3: aqueous perchloric acid solution (pH 1.5)/methanol=60/
40 (v/v), 25° C.

B-4: aqueous perchloric acid solution (pH 1.5)/methanol=50/
50 (v/v), 25° C.

B-5: aqueous perchloric acid solution (pH 1.5)/methanol=80/
20 (v/v), 0° C.

C-1: aqueous perchloric acid solution (pH 1.5)/acetoni-
trile=95/5 (v/v), 25° C.
C-2: aqueous perchloric
trile=90/10 (v/v), 25° C.
C-3: aqueous perchloric
trile=80/20 (v/v), 25° C.
C-4: aqueous perchloric
trile=70/30 (v/v), 25° C.
C-5: aqueous perchloric
trile=90/10 (v/v), 0° C.
C-6: aqueous perchloric
trile=80/20 (v/v), 0° C.
D: hexane/ethanol/trifluoroacetic acid/water=50/50/0.5/0.5
(v/v), 25° C.

The retention factor, separation factor, and separation
degree in the following tables are each defined as follows.
Math. 1

acid solution (pH 1.5)/acetoni-

acid solution (pH 1.5)/acetoni-
acid solution (pH 1.5)/acetoni-
acid solution (pH 1.5)/acetoni-

acid solution (pH 1.5)/acetoni-

retention factor={(retention time of the enantiomer)-
(dead time)}/dead time
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The dead time for Tables 1 to 5 was measured using sodium
oxalate and for Table 6 was measured using 1,3,5-tri-tertiary-

14
TABLE 4-continued

buwlbenzene (ttb) Optical resolution with column 4
Math. 2 (aqueous perchloric acid solution/methanol moving phase)
5
separation factor=retention factor of the more strongly
absorbed enantiomer/retention factor of the more retention factor
weakly absorbed enantiomer
Math. 3 first second separation separation
) ) sample conditions peak peak factor degree
separation degree=2x(distance between the two peaks 10
for the more strongly absorbed enantiomer and )
the more weakly absorbed enantiomer)/sum of serine B-5 0.40 1.08 2.70 2.19
the band widths of the two peaks threonine B-3 0.08 0.33 3.85 1.10
leucine B-3 0.55 3.52 6.40 6.20
TABLE 1 15 Dorleucine B-3 0.74 3.59 4.84 6.85
isoleucine B-3 0.26 0.95 3.67 2.95
Optical resolution with column 1 asparagine B-5 047 1.10 234 2.07
. aspartic acid B-5 1.13 3.54 3.13 3.21
retention factor
cysteine B-3 0.27 0.99 3.68 3.01
second separation separation 20 methionine B-4 0.58 3.93 6.73 9.36
sample conditions  firstpeak  peak factor degree glutamic acid B3 0.30 244 8.07 631
tryptophan A-1 1.05 1.30 1.24 1.30 glutamine B-3 0.12 0.87 7.15 3.42
phenylalanine  A-1 036 047 131 - lysine B-1 129 217 1.68 1.29
leucine A-1 0.15 0.28 1.87 — o
tryptophan A2 1.76 2.55 1.45 2.01 5 arginine B-1 0.24 1.04 4.34 3.28
tryptophan B-2 0.63 0.93 1.48 1.00 histidine B-3 0.61 1.64 270 3.27
DOPA B-4 0.40 1.67 4.14 4.82
tyrosine B-4 0.54 1.99 3.69 4.82
TABLE 2 phenylglycine B-4 0.67 7.21 10.69 11.66
30 phenylalanine B-4 0.69 2.53 3.68 5.87
Optical resolution of arginine by columns 2 to 6
tryptophan B4 179 6.8 3.51 7.58
retention factor phenylethylamine B-4 2.50 4.10 1.64 3.86
. . a-amino-e-capro- B-3 0.20 1.03 5.19 3.77
second separation separation
column conditions first peak peak factor degree 35 lactam
column2 A-1 0.30 0.93 3.09 2.88
column3 A-1 0.35 1.15 3.29 2.89
column4 A-1 0.38 1.24 3.24 2.94
column5 A-1 0.37 1.03 2.77 3.10 TABLE 5
column 6 A-1 0.32 0.85 2.66 227 " -
40 Optical resolution with column 4
(aqueous perchloric acid solution/acetonitrile moving phase)
retention factor
TABLE 3
first second separation separation
Optical resolution of tyrosine by columns 2 to 6 a5 sample conditions peak peak factor degree
retention factor alanine C-3 0.25 1.08 4.27 4.81
valine C-6 0.58 2.47 4.30 6.28
second  separation separation norvaline C-3 0.49 2.62 5.37 9.34
column conditions first peak peak factor degree serine C-6 0.35 0.93 2.64 2.74
threonine A-1 0.08 0.26 3.34 1.05
column2  A-1 1.62 291 179 294 50 leucine 3 078 475 6.07 13.47
column3  A-1 2.03 4.01 1.97 2.73 norleucine C-4 0.68  3.59 531 10.98
column4  A-1 218 4.38 2.01 2.36 isoleucine c-3 037 132 351 4.68
column 5 A-1 1.86 3.18 L71 2.73 asparagine c-5 034 081 234 1.97
column 6 A-1 L77 2.84 L.61 2.09 aspartic acid C-6 0.87 3.11 3.60 6.52
cysteine C-4 0.27 0.97 3.66 3.87
55 methionine Cc-4 0.55 3.82 6.93 11.89
glutamic acid C-3 0.22 1.52 6.86 6.71
TABLE 4 glutamine C-2 0.11 0.66 591 3.01
lysine C-2 1.06 2.05 1.93 241
Optical resolution with column 4 a{gilnilne C-1 0.37 1.26 3.37 3.53
(aqueous perchloric acid solution/methanol moving phase) histidine C-5 0.52 1.22 2.34 3.02
60 DOPA C-3 0.50 1.62 3.25 5.78
rotention factor tyrosine 3 0.77 250 3.23 6.90
phenylglycine Cc-4 0.82 9.73 11.93 19.30
first second separation separation phenylalanine Cc-4 0.74 2.75 371 8.66
sample conditions  peak peak factor degree tryptophan C-4 1.45 5.01 3.45 11.19
phenylethylamine C-4 4.00 6.95 1.74 7.06
alanine B-3 0.28 1.24 4.50 3.86 a-amino-e-capro- C-3 0.22 1.02 4.62 5.04
valine B-5 0.52 147 2.82 2.16 65 lactam
norvaline B-3 041 2.18 538 5.58
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TABLE 6

Optical resolution with column 2
(hexane/ethanol moving phase)

retention factor

first second separation separation
sample conditions peak peak factor degree
alanine D 1.47 6.77 4.62 8.84
asparagine D 1.37 2.77 2.03 2.66
methionine D 0.92 7.16 7.80 8.85
arginine D 1.08 7.29 6.75 7.92
histidine D 0.81 1.84 2.29 2.30
DOPA D 0.73 4.40 6.03 5.98
tyrosine D 0.49 2.85 5.88 5.87
phenylglycine D 0.57 6.82 11.91 8.59
phenylalanine D 0.67 3.54 5.26 5.38
tryptophan D 1.03 5.37 5.21 5.74
phenylethylamine D 1.65 2.86 1.73 2.63
Q-amino- D 0.70 3.69 5.29 6.54

e-caprolactam

INDUSTRIAL APPLICABILITY

The separating agent for chromatography, which contains
a binaphthyl derivative and a crown ether-like cyclic struc-
ture, makes it possible to adjust the separation characteristics
through such factors as, for example, the type of substituent
introduced into the binaphthyl and the size of the crown
ether-like cyclic structure. Because the present invention
enables a more facile synthesis, using about half the steps as
in the prior art, of a separating agent for chromatography that
has a binaphthyl derivative and a crown ether-like cyclic
structure, there are strong expectations that the present inven-
tion will enable and support the further elucidation of the
separation characteristics of this separating agent and the
development of separating agents that exhibit novel separa-
tion capabilities.

The invention claimed is:

1. A separating agent for chromatography, having a carrier
and an optically active binaphthyl compound bonded by
chemical bonding to the surface of the carrier, wherein the
binaphthyl compound is represented by the following for-
mula (I):

N
AT
/
0
N cm,—cH,
A
/ R2

R, and R, each representing a substituted or unsubstituted
phenyl group for at least one of a methyl group and a
chloro group;

@
Ry

/QCHZ—CHZ—O
(0) 1

A, and A, each representing a group that is bonded to the
surface of the carrier and containing a structure repre-
sented by the following formula (II) that is substituted
for hydrogen in a binaphthyl group of formula (I):

—_
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(ID
0 0
I Il
—C—CH3—C—,

o representing an integer from 1 to 30; and

1 representing an integer from 4 to 6, and m and n each
representing an integer from 0 to 5, wherein m+n is from
1to 10.

2. The separating agent for chromatography according to

claim 1, wherein 1 is 4.

3. The separating agent for chromatography according to
claim 1, wherein R, and R, are the phenyl group.

4. The separating agent for chromatography according to
claim 1, wherein one of m and n is 1 and the other is 0.

5. The separating agent for chromatography according to
claim 1, wherein the surface of the carrier exhibits hydropho-
bicity.

6. A method of producing a separating agent for chroma-
tography, comprising:

a step B of introducing a group containing a structure of the
following formula (II) for binding to a carrier into a
binaphthyl ring of a binaphthyl group-containing com-
pound A represented by the following formula (IIT) that
is substituted for hydrogen in the binaphthyl group, to
obtain a binaphthyl group-containing compound B;

a step C of hydrolyzing methoxy groups at positions 2 and
2' of the binaphthyl group-containing compound B to
obtain a binaphthyl group-containing compound C in
which the methoxy groups have been converted into
hydroxyl groups;

a step D of crosslinking both of the hydroxyl groups in the
binaphthyl group-containing compound C with a poly-
ethylene glycol group-containing compound to obtain a
binaphthyl group-containing compound D having a
crown ether-like cyclic structure; and

a step E of bonding the binaphthyl group-containing com-
pound D to the surface of the carrier through the group
for binding to the carrier on the binaphthyl group-con-
taining compound D by chemical bonding,

(ID
0 0
I Il
—C—CH3—C—,

o representing an integer from 1 to 30; and

1 representing an integer from 4 to 6, and m and n each
representing an integer from 0 to 5, wherein m+n is from
1to 10,

am
Ry

OCH;

OCH;

Ry
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R, and R, each representing hydrogen, a substituted or
unsubstituted phenyl group, a substituted or unsubsti-
tuted naphthyl group, a substituted or unsubstituted C, ¢
alkyl group in which any methylene group not adjacent
to another methylene group may be oxygen, or a trialkyl-
silyl group in which the number of carbons in each alkyl
group is 1 or 2.

7. The method of producing a separating agent for chro-

matography according to claim 6, further comprising:

a step A of substituting bromo groups in 3,3'-dibromo-2,
2'-dimethoxy-1,1'-binaphthyl with R, and R,, respec-
tively, to obtain the binaphthyl group-containing com-
pound A.

8. The method of producing a separating agent for chro-
matography according to claim 6, wherein the binaphthyl
group-containing compound B is obtained in step B by react-
ing the binaphthyl group-containing compound A with a
C,;; aliphatic dicarboxylic acid monomethyl ester
monochloride in the presence of iron chloride.
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9. The method of producing a separating agent for chro-
matography according to claim 6, wherein the binaphthyl
group-containing compound D is obtained in step D by
crosslinking the hydroxyl groups in the binaphthyl group-
containing compound C by the reaction, under alkaline con-
ditions, of polyoxyethylene glycol ditosylate having from 5 to
7 repetitions of an oxyethylene group.

10. The method of producing a separating agent for chro-
matography according to claim 6, wherein in step E, a sur-
face-treated silica gel is used for the carrier and chemical
bonding is effected between the group for binding to the
carrier in the binaphthyl group-containing compound D and a
functional group provided by the surface treatment of the
silica gel.

11. The method of producing a separating agent for chro-
matography according to claim 6, further comprising:

a step F of hydrophobing hydrophilic groups on the surface

of the carrier.



